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Abstract. The research goal was to investigate the impact of drought on the yields of 
some field crops on three different locations in two different hydrological years (2003 and 
2005). Research results show that yield quantity depends on the amount and distribution of 
precipitation. Yield decreases are higher in case of more severe droughts, and vice versa.  
With sufficient water in the soil in the dry 2003, it possible to increase crop yields from 98.1 
% to 129.5 % in the Gospić region, from 44.9 % to 72.8 % in the Našice region and from to in 
the Virovitica region. In the hydrologically more favourable 2005, yields were increased from 
18.6% to 42.2% in the Gospić region, from 16.1 % to 21.9 % in the Našice region and from to 
in the Virovitica region.  
Higher and safer yields in the studied regions can be achieved by compensating soil water 
deficit in all crop development stages, which requires construction of adequate irrigation 
systems. 
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INTRODACTION 
 
Only 9,264 ha or 0.46 % of arable land is irrigated in the Republic of Croatia, 
which in this respect holds one of the last positions in Europe (Tomić et al., 2007). 
Frequent droughts in recent years influenced the public opinion regarding irrigation 
demands. For this reason, the Croatian Government initiated the «National Project of 
Irrigation and Agricultural Land and Water Management in the Republic of Croatia» 
(Romić et al. 2005). This project is fully justified because the Republic of Croatia has 
about 2,020,626 ha of arable land, of which as many as 244,151 ha are suitable for 
irrigation while 588,163 ha are moderately suitable with minor limitations (Husnjak, 
2005). The available amount of renewable water per capita per year is 35,000 m3 
(Kos, 2004). Climate characteristics and soil water regime, as well as their highly 
changeable and complex interrelationship, define the efficacy of plant production. A 
large part of plant production is concentrated in regions occasionally struck by 
droughts. This problem could be partly solved by supplying the required water by 
irrigation.  According to Mađar et al. (1998), droughts occur each three to five years 
in Croatia. Depending on their intensity and duration, droughts can reduce crop yields 
by up to 90%. The problem of yield decrease could be partially solved by irrigation. 
The research goal was to determine the actual yields of selected field crops 
under different agroecological conditions and to calculate yield increase in the 
conditions of sufficient soil moisture.  
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MATERIALS AND METHODS 
 
Yields of "typical" crops were measured in two hydrologically different years 
(2003 and 2005) on three locations with different agroecological conditions: in the 
area of the town of Gospić (Family farm-FF), in the area of the town of Našice 
("Hana" Company) in the area of the town of Virovitica (FF). The following crops 
were studied on the Gospić family farm: potato, cabbage and beans; on the "Hana" 
production areas (Našice): maize, soybeans and sugar beet, and on the Virovitica 
family farm: soybeans, sugar beet and pepper. The foreseen yield increase was 
calculated according to the function (FAO, No. 46, 1992): 
(1-
Ym
Ya
 )=ky (1-
ETc
ETa ) 
 
Ya= Actual yields 
Ym=Maximum possible yields 
ky= Yield response factor 
ETa=Effective evapotranspiration 
ETc=Crop evapotranspiration 
 
Climate data used were obtained from the meteorological station (MS) Gospić, MS 
Našice and MS Virovitica. Reference evapotranspiration (ETo) was calculated by the 
Penman-Monteith method (FAO, No. 56, 1998). Soil water balance for each crop was 
calculated by the Palmer method, corrected and calibrated according to Vidaček 
(1981). The soil studied in Gospić is of loamy texture, with the following 
hydropedological characteristics: field water capacity (FWC)=140mm (0-40cm), 
FWC1=35mm (0-10cm), FWC2=105mm (10-40cm); wilting point (WP)=58mm (0-
40cm); available water (AW)=FWC-WP=140mm-58mm=82mm; reserve 
(R1)=20.5mm (0-10cm), R2=61.5mm (10-40cm). The soil studied in Našice is of silt-
clay-loam texture, with the following hydropedological characteristics: FWC=160mm 
(0-40cm), FWC1=40mm (0-10cm), FWC2=120mm (10-40cm); WP=76mm (0-40cm); 
AW= FWC-WP=160mm-76mm= 84mm; reserve (R1)=21mm (0-10cm), R2=63mm 
(10-40cm). The soil analyzed in Virovitica is of silt-clay-loam texture, with the 
following hydropedological characteristics: FWC=156mm (0-40cm), FWC1=39mm 
(0-10cm), FWC2=117mm (10-40cm); WP=44mm (0-40cm); AW= FWC-
WP=156mm-44mm= 117mm; reserve (R1)=29mm (0-10cm), R2=88mm (10-40cm). 
 
 
RESULTS AND DISCUSSIONS 
 
Yields of crops grown in two hydrologically different years, on three locations 
with different agroecological conditions, are presented in Table 1. It can be seen that 
yields of all crops on all locations were, as expected, higher in the hydrologically 
more favourable year 2005 compared to the drier 2003. The difference in yield ranged 
from 68.9 % in beans to 74.4 % in potato (Gospić), from 25.2 % in maize to 82.4 % in 
sugar beet (Našice) and from 22.6 % to 47.0 % (Virovitica). It is a known fact that the 
quantity of crop yield, as well as its quality, are in correlation with the total amount 
and distribution of precipitation, mainly in the growing period. Water deficit is 
especially harmful in the "critical period" of plant water needs. This period can be 
longer or shorter and occurs at different development stages for particular plants. In 
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annual plants, this critical period is connected with seed setting and formation of 
generative organs.  
Figures 1, 2 and 3 show the difference in the amount of precipitation during the 
growing periods of the studied years, which had an adverse effect on lower yields in 
2003 on all locations.  
Tab. 1. 
Crop yields without irrigation (t/ha), 2003 and 2005 
 
Location Crop Crop yields without 
irrigation (t/ha), 2003 
Crop yields without 
irrigation (t/ha), 2005 
Difference 
t/ha % 
A B B-A 
*FF, 
Gospić 
Potato 5.24 9.14 3.90 74.4 
Cabbage 12.51 21.22 8.71 69.6 
Beans 1.22 2.06 0.84 68.9 
**Hana, 
Našice 
Maize 5.75 7.20 1.45 25.2 
Soybeans 1.85 2.60 0.75 40.5 
Sugar beet 26.32 48.00 21.68 82.4 
***FF, 
Virovitica 
Soybeans 2.05 2.75 0.70 34.1 
Sugar beet 28.95 35.50 6.55 22.6 
Pepper 19.45 28.60 9.15 47.0 
Source: 
*Family farm (FF) in Gospić area 
** Source: "Hana", Našice 
*** Family farm (FF) in Virovitica area 
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Fig. 1. Monthly amount and distribution of precipitation, MS Gospić 
 
 
 
 
 
584 
 
Monthly amount and distribution of 
precipitation
0
50
100
150
200
250
1 2 3 4 5 6 7 8 9 10 11 12
Months
Pr
ec
ip
ita
tio
n
 
(m
m
)
2003
2005
 
Fig. 2. Monthly amount and distribution of precipitation, MS Našice 
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Fig. 3. Monthly amount and distribution of precipitation, MS Virovitica 
 
An irrigation system and supply of sufficient amounts of water would increase 
crop yields and make plant production less risky. Potential yield increases of analyzed 
crops on different locations are shown in Tables 2 and 3.  
Crop increase foreseen for the Gospić area in the dry 2003 ranged from 98.1 % for 
cabbage to 129.5 % for beans. The increase calculated for the Našice area also for the 
dry 2003 ranged from 44.9 % for soybean to 72.8 % for maize, while the increase 
calculated for the Virovitica area ranged from 5.9 % for soybean to 125.7 % for 
pepper. 
 
Tab. 2. 
Crop yields without irrigation, potential yield increase under irrigation, and yield difference, 
2003 
Location Crop Yield without 
irrigation (t/ha) 
Potential yield increase 
under irrigation  
(t/ha) 
Difference 
t/ha % 
A B B-A 
FF, 
Gospić 
Potato 5.24 11.82 6.58 125.5 
Cabbage 12.51 24.78 12.27 98.1 
Beans 1.22 2.80 1.58 129.5 
Hana, 
Našice 
Maize 5.75 7.90  2.15 72.8 
Soybeans 1.85 2.68  0.83 44.9 
Sugar beet 26.32 38.72  12.40 47.1 
FF, 
Virovitica 
Soybeans 2.05 2.17 0.12 5.9 
Sugar beet 28.95 50.61 21.66 74.8 
Pepper 19.45 43.91 24.46 125.7 
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The hydrologically more favourable 2005 enabled yields of all crops to be 
increased, the difference between the actual and potential increase being much lower 
compared to the dry 2003 (Table 3). Yield increase in the Gospić area ranged from 
18.6 % for cabbage to 42.2 % for beans. Yield increase in the Našice area would be 
relatively lower and would range from 16.1 % for soybean to 21.9 % for maize, while 
the yield increase in the Virovitica area would range from 2.5 % for soybean to 14.4 
% for sugar beet. 
 
Tab. 3. 
Crop yields without irrigation, potential yield increase under irrigation, and yield difference, 
2005 
Location Crop Yield without 
irrigation (t/ha) 
Potential yield increase 
under irrigation  
(t/ha) 
Difference 
t/ha % 
A B B-A 
FF, 
Gospić 
Potato 9.14 12.27 3.13 34.2 
Cabbage 21.22 25.17 3.95 18.6 
Beans 2.06 2.93 0.87 42.2 
Hana, 
Našice 
Maize 7.20 8.78  1.58 21.9 
Soybeans 2.60 3.02  0.42 16.1 
Sugar beet 48.00 57.83  9.83 20.4 
FF, 
Virovitica 
Soybeans 2.75 2.82 0.07 2.5 
Sugar beet 35.50 40.62 5.12 14.4 
Pepper 28.60 31.64 3.04 10.6 
 
It can be seen from the presented results that in hydrologically more favourable years 
crop yields could be increased if there was enough water in the soil. According to 
Beltrão et al. (1996), the highest yields are achieved when the air-water ratio in soil is 
most favourable. Otherwise, yield decrease will occur with more or less serious 
consequences, which were discussed by Mađar et al. (1998), Romić et al. (2005), 
Šimunić et al. (2006), etc.  
It follows from the above discussion that higher and safer yields can be expected only 
if soil is supplied with sufficient amounts of water at all crop development stages. 
 
CONCLUSIONS 
 
Results of research conducted in two hydrologically different years (2003 and 
2005) on three locations with different agroecological conditions allow the following 
conclusions: 
1. Yield quantity and yield decrease depend on the amount and distribution of 
precipitation. 
2. Supply of enough water in the dry 2003 made it possible to increase yields 
from 98.1 % to 129.5 % in the Gospić area, from 44.9 % to 72.8% in the Našice area, 
and from 5.9 % to 125.7 % in the Virovitica area. 
3. Yield increase could also be achieved in the hydrologically more favourable 
2005, but the difference was smaller relative to the actual yield. Yield increase of 
about 18.6 % to 42.2 % could be expected in the Gospić area, 16.1 % to 21.9 % in the 
Našice area and  2.5 % to 14.4 % in the Virovitica area. 
4. Higher and safer yields can be achieved by supplying soil with sufficient 
quantities of water at all crop development stages. For this purpose, adequate 
irrigation systems should be constructed. 
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5. The national irrigation project initiated by the Government of the Republic 
of Croatia is certainly justified in terms of stabilizing agricultural production and 
raising its cost effectiveness. 
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